We report on the synthesis and physical properties of FeSe 1−x Te x single crystals with a low Te content (x = 0.17, 0.21, 0.25), where the replacement of Se with Te partially suppresses superconductivity. Resistivity and Hall effect measurements indicate weak anomalies at elevated temperatures ascribed to nematic transitions. A quasi-classical analysis of transport data, including in a pulsed magnetic field of up to 25 T, confirms the inversion of majority carriers type from holes in FeSe to electrons in FeSe 1−x Te x at x > 0.17. The temperature-dependent term in the elastoresistance of the studied compositions has a negative sign, which means that for substituted FeSe compositions, the elastoresistance is positive for hole-doped materials and negative for electron-doped materials just like in semiconductors such as silicon and germanium.
Introduction
FeSe is one of the most intriguing compounds among iron-based superconductors (IBS), first of all because it undergoes a transition to the nematic phase at T s = 90K (structural transition from the tetragonal at ambient conditions to the orthorhombic low temperature phase) as well as to superconductivity at T c = 9K, and shows no evidence of a striped antiferromagnetic phase (AFM) [1, 2] . Furthermore, the NMR data at T s are consistent with an uncorrelated Fermi liquid. The AFM spin fluctuations (SFs) are strongly enhanced only below T s [3, 4, 5] . It makes it very different from other IBS, in which the structural transition is followed by the transition to the striped AFM phase. Under pressure the superconducting critical temperature increases from T c = 9 K at ambient pressure to ∼ 37 K at P = 6 GPa [6, 7, 8] . Simultaneously the structural transition temperature decreases from T s = 90 K to ∼ 20 K in this pressure range [6, 7, 8] . In addition, the AFM state emerges for P > 0.8GPa [9, 10, 11, 12, 13] . These observations suggest strong competition between the magnetic and nematic phases and their importance for superconductivity.
Substitution of sulfur for selenium suppresses the low temperature nematic order in FeSe [14, 15, 16] that is accompanied with many anomalous changes in properties including the strong changes in a superconducting pairing which was clearly observed by a tunnel microscopy [17] . Substitution of Te on the Se site is expected to exert negative chemical pressure. But so far only FeSe 1−x Te x single crystals with doping x > 0.3 were investigated. At x = 0.3 dopings no nematic phase was observed for all range of temperatures. To complete the phase diagram of the nematic phase of FeSe one need high quality crystals with doping x < 0.3.
Here we present a method of the synthesis which allow to grow high quality single crystals of FeSe 1−x Te x with a low Te content, and discuss the properties of FeSe 1−x Te x crystals with x=0.17, 0.21, and 0.25 which shed light on the origin of the nematic state in the FeSe family. The paper is constructed as following. We start with the description of the sample preparation and its characterization. Then we discuss the magnetotransport data obtained on these crystals and present the data on their elastoresistivity. Finally, all the results are summarized in the Discussion and Conclusion sections.
Sample preparation and experiments
The tetragonal FeSe 1−δ phase coexists with a pure iron or a hexagonal Fe 7 Se 8 phase [19] . The peritectoid reaction FeSe 1−δ = Fe 7 Se 8 + Fe of a tetragonal phase decomposition occurs at temperatures above 457
• C. The homogeneity range of a tetragonal phase is from FeSe 0.96 to FeSe 0.975 [20] . Phase relationships for mixing of FeSe and FeTe are not well known. Mixing FeSe and FeTe in any proportion leads to a formation of the solid solution but it is likely that there is a two-phase region or a spinodal near 50%. Taking into account that FeTe decomposes at 800
• C, and FeSe decomposes at 457
• C, it is easy to understand the reduction of the temperature of stability of Fe(Te,Se) as the selenium Table 1 .
Summary of the studied FeSe 1−x Te x samples properties. The value of x L is the Te content in the FeSe 1−x Te x precursors load. The value of x EDS is the Te content in the crystals determined by an energy-dispersive spectroscopy. T c is the superconducting critical temperature determined from ρ xx (T ). The mematic transition critical temperature T N is determined from the temperature dependence of dρ xx /dT . The parameters a, c, and V are the lattice constants and cell volume respectively (for FeSe, this parameters are taken from Ref. [18] ) content increases. Therefore, the synthesis temperature of tetragonal Fe(Se,Te) 1−δ solid solutions should be chosen according to selenium and tellurium ratio in the sample. In flux method, to select the proper synthesis temperature, the solubility and diffusion of tellurium should be also taken into account. Our previous experiments show that at temperatures below 450
• C in the AlCl 3 /KCl/NaCl eutectic mixture, the most common solution for FeSe and Fe(SeS) growth, the transfer of Te occurs very weakly and often non-uniformly, probably because of a very weak solubility and diffusion of tellurium. Therefore, for obtaining high-quality crystals with a low tellurium content, we used the synthesis temperatures from the range slightly above the decomposition point of a tetragonal FeSe.
The series of FeSe 1−x Te x single crystals was prepared using the AlCl 3 /KCl/NaCl eutectic mixture in evacuated quartz ampoules in a constant temperature gradient [18] . Quartz ampoules with the Fe(Te,Se) charge and the maximum possible amount of the AlCl 3 /KCl/NaCl eutectic mixture were placed in the furnace with their hot ends at a temperature of ∼535
• C and their cold ends at a temperature of ∼453 • C. The chalcogenide charge gradually dissolved in the hot end of the ampoules and precipitated as single crystals at the cold end. After eight weeks of heating, iron monochalcogenide plate-like crystals were found at the cold ends of the ampoules.
The chemical composition of the grown crystals was determined using a Tescan Vega II XMU scanning electron microscope equipped with an INCA Energy 450 energydispersive spectrometer; the accelerating voltage was 20 kV. The determination of the unit cell parameters was performed by an automatic procedure on a four-circle Oxford Diffraction Xcalibur diffractometer (graphite-monochromated Mo-Kα radiation, λ=0.71073Å) equipped with an Xcalibur S-area detector. The exposure time varied from 4 to 8 sec depending on crystal size. For unit cell determination at least 4-5 crystals of a square plate-like morphology only were studied from each batch. The initial chemical composition of batches, chemical composition of crystals obtained and their crystallographic characteristics along with the properties of pure FeSe are listed in Table 1 .
Quasiclassical multicarrier (three-band) analysis of the field dependencies of the conductivity tensor components is used to extract the carriers mobilities and concentrations. The details of the used analysis method are published elsewhere [15] . Elastoresistivity was measured using a method similar to that described in Ref. [21] using a commercial piezoelectric device and AC transport option of a Quantum Design PPMS system equipped with a multifunctional insert MF-130. Pure tetragonal crystals, suitable for further transport investigation, were found in three batches hereinafter referred to as the x = 0.17, x = 0.21, and x = 0.25 batches according to Te content in crystals. A detailed discussions of the quality of the obtained crystals, their superconducting properties and used method of extraction of the carriers band parameters are given in the supplementary materials. Here we present the results confirming the nematic transitions in the studied crystals and results of the quaisiclassical analysis of their electronic properties. Fig. 1 shows the temperature dependence of the resistivity ρ xx (T ). The data for the crystals with dopings x = 0.17 and x = 0.21 are normalized to the mean value for each batch at T = 250K. For comparison we add ρ xx (T ) of undoped FeSe studied in Ref. [22] . For crystals from the same batch, the curves ρ xx (T) almost coincide, that shows a good homogeneity of the crystals in batches. All the curves are relatively smooth and show similar behavior. The inset of Fig.1 presents temperature derivatives of resistivity curves. For doped samples dρ xx /dT has a feature in the form of a local minimum similar to that at T = 90K for pure FeSe but it occurs at lower temperatures.
Results
The Fig.2 shows the temperature dependence of the Hall coefficient R H (T ) for doped FeSe 1−x Te x and for the reference undoped FeSe crystal studied in Ref. [22] . At high temperatures, compounds show weak temperature dependence of Hall coefficient. Temperature dependence of the Hall coefficient for studied FeSe 1−x Te x crystals and for the reference FeSe crystal.
The Fig.3 (a) shows temperature dependence of the longitudinal elastoresistivity χ EL = (∆ρ xx /ρ xx )/(∆l x /l x ) determined as a ratio of the change in longitudinal resistivity (∆ρ xx /ρ xx ) to the change in the sample length (∆l x /l x ) under applied deformation. Two FeSe 1−x Te x crystals and one pure FeSe crystal were measured under the same conditions. First, despite the fundamental difference in the temperature behavior of the longitudinal elastoresistivity, it saturates at high temperatures at the same value near about 6 which is still far from the gage factor of the ordinary metals. Thus, the temperature independent part of the elastoresistivity may have a common mechanism for all the studied compositions. Another common feature of all curves is a local extrema between 50 and 100 Kelvin. For FeSe the maximum of elastoresistivity occurs at the nematic transition. We consider that for other compounds the extrema may also coincide with the temperatures of nematic transitions.
In the Fig.3(b) we plot the Curie-Weiss type fit for the temperature dependence of the measured elastoresistivity. The Curie-Weiss dependence describes well our experimental data using reasonable values of the parameters. The value of χ EL 0 is the experimentally measured residual elastoresistivity at high temperature. The values of θ are in a good agreement with the temperatures of the observed anomalous points in resistivity and Hall coefficients. The main difference between FeSe 1−x Te x and FeSe is a negative sign of the coefficient C EL of the Curie-Weiss dependence for the former compounds.
Thus, the temperature-dependent part of the elastoresistivity of the studied compositions can be described by the same type of dependence, which is usually used for FeSe. This leaves no doubt about the nematic nature of the FeSe 1−x Te x under study. To study the carriers properties in FeSe 1−x Te x we applied the quasiclassical multicarrier analysis to the experimental magnetotransport data. The experimental data and details of analysis we describe in supplementary materials section. The similar method reviled a strong increase of the carriers concentration in FeSe with sulfur substitution [23] which is in good agreement with results of a quantum oscillation study of this series [24] .
The mobility of the main carriers in FeSe 1−x Te x is substantionaly lower than in FeSe. This means that for the same accuracy in determining the parameters, significantly higher values of magnetic fields are required. To achieve the required accuracy, we carried out measurements of the magnetotransport properties of compositions with x = 0.17 in pulsed fields at low temperatures. The optimal relation between the induced noise and the field range value for the studied samples was reached at about 25 Tesla. The results of the multi-carrier analysis of the transport data in DC and pulsed magnetic fields are listed in Table 2 . The summary of the electronic properties of our FeSe 1−x Te x samples and FeSe 1−x S x samples studied in [23] are plotted in Fig.4 .
Discussion
The FeSe family exhibits many unusual features in the electronic properties [25] , some of which are related to the nematic nature of these compounds. The nematicity is intensively studied in FeSe 1−x S x series. To our knowledge, our work is the first report on nematicity in FeSe 1−x Te x . Some signs, such as a decrease in transition temperature, indicate that these compounds are on the other side of the "nematic dome". Therefore, it is particularly interesting to find a change in the sign of the coefficient of elastoresistivity C EL and the majority carrier type inversion which apparently occur simultaneously. This phenomenon may be the key to understanding the nematicity of FeSe. In addition, the detected sign-reversal of the elastoresistivity in FeSe family, as shown below, can have a common cause with the sign-reversal of the in-plane anisotropy of resistivity in hole-doped compounds of BaFe 2 As 2 series [26] Pure iron selenide and its compounds with isovalent substitutions are theoretically fully compensated semimetals. Real synthesized compounds usually have a sufficient degree of non-stocheometry to expect a violation of the compensation by units or even tens of percent. The study of the magnetotransport properties of FeSe 1−x S x series revealed a systematic change in the ratio of electrons and holes [23] with possible inversion of the type of majority carriers in FeSe 1−x Te x series, which is confirmed in the current study.
The origin of the carrier-type inversion in FeSe family is not clear and needs further study. The angle-resolved photoemission spectroscopy (ARPES) study of the strained FeSe films [27] showed that under tensile strain the Fermi level moves close to the Van Hove singularity in the tetragonal state and the Lifshitz transition occurs in the nematic state. This study provides a possible microscopic scenario of the majority carriers type inversion in FeSe family. It is expected that the investigated substitutions of selenium cause a similar lattice deformation. We suppose that in the region of tellurium concentrations approximately less than 15% there can exist a quantum critical point corresponding to the coincidence of the Fermi level with the Van Hove singularity. This assumption is consistent with the results of muon spin rotation experiments which find the proximity of FeSe to quantum criticality [28] .
On the other hand the change in the electronic properties of bulk samples can be a simple consequence of the variation of the synthesis conditions. For example, the temperature of synthesis for FeSe 1−x Te x is normally much higher than for FeSe 1−x S x which can yield other type of structural defects. Regardless of the microscopic reasons, our study indicates that the synthesized FeSe 1−x Te x with low Te content are nematic compounds with opposite sign of majority carriers as compared to FeSe.
The Fig.4 demonstrates that for the FeSe series the local minimum in the total carrier concentration coincides with the local maximum of the nematic transition temperature, which is consistent with the electronic nature of this phase transition. The Fig.5 shows the relationship between structural transition temperature and carrier concentration in more detail. Figure S1 . Scanning electron microscopy image of Fe(Se,Te) crystals with different morphology: hexagonal and tetragonal from x=0.21 batch (left), and tetragonal from x=0.17 batch (right).
SUPPLEMENTARY MATERIAL

Samples characterization
In addition to the main batches of samples, second series of FeSe 1−x Te x crystals was also prepared at the same temperature conditions by a gas transport method using AlCl 3 as a transport reagent [29] . Eventually, the pure tetragonal crystals, suitable for further investigation, were found only in three batches, prepared by the first method (referred to as the x = 0.17, x = 0.21, and x = 0.25 batches according to Te content in tetragonal crystals). Crystals of hexagonal morphology (see Fig.? ?, left panel) were also observed in all batches. Using an optical microscope, the thin tetragonal plate-like crystals up to 1 mm in size (see Fig.? ?, right panel) were selected and investigated by energy-dispersive spectroscopy and X-ray diffraction. The initial chemical composition of batches, chemical composition of crystals obtained and their crystallographic characteristics along with the properties of pure FeSe are listed in Table 1 .
At room temperature, X-ray unit cell determination of [30] . In that work, it was reported coexistence of two different tetragonal phases (A, B) . Both phases were crystallized in the same tetragonal P 4/nmm space group and differed only by the unit cell volume. The phase with lower cell volume, denoted as B, shown to be stable up to x = 0.2. The cell volumes of our samples FeSe 0.83 Te 0.17 and FeSe 0.79 Te 0.21 are 81.37 and 82.9Å
3 , respectively, which almost coincides with the cell volume of B phase in the thin films with the corresponding nominal compositions [30] . Our results show that both c parameter and cell volume of FeSe 1−x Te x are increasing with the increase of tellurium content while the a parameter remains almost constant in the studied range of compositions.
To prove the quality of the crystals, the study of magnetization was used. The crystals with hexagonal and tetragonal symmetries are different by their magnetic properties. While the hexagonal phase is magnetic, [31, 32, 33] , in the tetragonal crystals iron is nonmagnetic. The corresponding tetragonal phase is a Pauli paramagnet with a low and weakly dependent on temperature susceptibility. It helps to separate the crystals with the homogeneous tetragonal phase.
Magnetization was measured using a Quantum Design MPMS SQUID in a magnetic field of 10 Oe under zero-field cooled conditions and 10 kOe for the χ(T ) dependence in the temperature range 10-300 K. Magnetic measurements were performed for the samples consisting of several (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) crystals for each of the batches. The crystals ab planes were roughly ("by eye") oriented to be parallel to the direction of magnetic field. The temperature dependence of magnetic susceptibility for crystals with tetragonal symmetry and the samples containing both crystals with tetragonal and hexagonal symmetry are presented in Fig.? ?. The susceptibility of the samples containing the crystals with hexagonal symmetry is divided by 30 to show all details in one graph. The χ(T ) dependences for the samples with tetragonal only crystals are very similar to those of pure FeSe and Fe(SeS) compositions. They show a slow and almost linear increase over a wide temperature range. For these samples, the χ(T ) slope changes the sign at temperatures below 25 K which indicates the presence of paramagnetic impurities. It is more pronounced for the x = 0.17 sample where χ increases by approximately 1×10 −6 emu/g·Oe at 4 K. To provide the observed increase of χ(T ), the concentration of the free Fe ions (the most probable source of the magnetic moment in the supposed paramagnetic impurities) in this sample was estimated to be only 5×10 We studied the transport properties only for those crystals whose quality was confirmed by magnetic measurements. Besides, for each of x = 0.17 and x = 0.21 batches three different crystals were measured to verify the homogeneity of the batches. Electrical measurements were done on cleaved samples with contacts made by sputtering of Au/Ti layers through a precisely machined mechanical mask which minimizes relative errors of xx and xy components of the measured resistivity tensor. The crystal sizes were carefully measured by an optical microscope to accurately determine the resistivity values.
The Fig.? ? shows ρ xx (T ) dependencies around the superconducting transition temperature. The transitions are narrow and the difference in the values of T c for one batch is substantially less than the difference between batches. This again shows a good homogeneity of properties of crystals in batches.
To further study the quality of crystals, we measured the field dependence of T c for a field oriented perpendicular and parallel to the surface of the plate-like sample but perpendicular to a current direction in both cases. For a polycrystalline sample, no significant difference is expected. For the samples studied, H C2 (T ) for H//c and H//ab differ significantly (see the inset in Fig.S3 ) and the ratio (dµ 0 H c2 /dT ) H//ab /(dµ 0 H c2 /dT ) H//c is in the range 3-3.5. The observed anisotropies ensure that the crystals are well oriented, at least along c-axis. The X-ray diffractometry analysis reveals a mosaic structure in the ab plane for the most of the crystals studied. Nevertheless, the tetragonal crystals, well-oriented along the c axis, allow to measure correctly the resistivity tensor components in the ab plane and to extract the parameters of carriers using a multicarrier analysis.
In the Fig. S4 we present the magnetic field dependence of the resistivity tensor components for x = 0.17. The remarkable feature of the low-temperature ρ xy (B), shown in Fig.4a , is a concave upward shape. Similar concave upward ρ xy (B) dependencies is well known for low-temperature orthorombic phases of pure FeSe and BaFe 2 As 2 compounds and can be explained by the presence of the highly mobile electron component.
The 
The carriers parameters extraction
For tetragonal crystals:
where σ ij are the conductivity tensor components and ρ ij are the resistivity tensor components
The conductivities of bands are additive, and within the relaxation-time approximation for an arbitrary number of bands, we can write:
where i is the band index, e is the electron charge, σ i is the conductivity at B = 0, µ i is the mobility, n i is the carrier concentration, and l is the number of bands.
To determine µ i and n i we minimize the residual φ:
where σ xx [k], σ xy [k], and B[k] are the values of σ xx , σ xy , and B at experimental point k, and N is the number of the measured points.
Results of the multicarrier analysis are listed in Table 3 . The field range up to 7 T does not allow the accurate determination of the parameters of the main bands because of the carriers mobility in FeSe 1−x Te x is low. The curves "a", "b" and "c" in Fig.S5 corresponding to parameters listed in Table 3 almost perfectly reproduce the DC experimental data in 7 T range. The pulse field data improve the accuracy of determining the parameters, but strictly speaking, this data also not allow us to confidently assert that the concentration of electrons has exceeded the concentration of holes. On the other hand our magnetotransport data well agree with this supposition.
The Fig.S6 shows the experimental data in pulse field together with the three band fitting result that is marked in Table 3 as "HF". The sample #1 is the same one for which we give the data in DC 7 T field range. It is worth to note that ρ(B) curves in DC and pulse field are always slightly differ for the same samples, probably due to the behavior of nematic domains. Figure S5 . Experimental data at 12 K and the simulation of the fitting results for σ xy (a) and σ xx (b). For DC data in field up to 7 T, the curve "a" is the best fit for FeSe 0.83 Te 0.17 sample , the curve "b" is the fit with an almost equal electron and hole concentrations in main bands, and the curve "c" is the fit with an almost equal electron and hole mobilities in main bands. The curve "d" is the best fit for FeSe 0.79 Te 0.21 sample,.
